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ostensibly pure and nutritious but in reality valueless. It 
is not supposed for a moment that any system of legislation 
can entirely prevent the perpetration of frauds upon the 
community, but at least these crimes can be made punish- 
able and their perpetrators may be compelled to endure 
the pena.lty of their misdeeds. 

NOTES OK THE DESIGN OF GEAR WHEELS.* 

BY PROF. I,. F. RONDINELLA. 

Toothed or gear wheels are used in machinery to trans- 
mit power from one shaft to another near it. The most 
important classes are : (a) spur wheels, (b) bevel wheels, (c) 
worm wheels, (n) lantern wheels, (E) Crown wheels and (f) 
cog wheels. 

FIG. I. FIG. 2. 

(a) A spur wheel (Fz,. ‘o. z) is one in which the teeth extend 
radially outward from the rim, in the plane of the wheel. 
Two spur wheels are used to transmit power between 
parallel shafts. 

* Revised and augmented from lecture notes prepared originally for 
students of the Philadelphia Manual Training School. 
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(b) A bevel &eel (Fzlp-. 2) is. one in which the teeth extend 
outward perpendicularly from a rim making an oblique 
angle with the plane of the wheel, like the frustum of a 
cone. Two bevel wheels are used to transmit power 
between non-parallel shafts. 

M&e w/zeeZs (Fig. 3) are bevel wheels in which the teeth 
are at 45’ to the face of the wheel and are used to transmit 
power between perpena2cular shafts. 

(c) A WOYWZ wheel (Fig. 4) has its teeth cut slantingly across 
the rim of.the wheel, to gear with an endless screw or worm. 
This combination is used to transmit power between shafts 

FIG j. 

running at very different speeds, and with their axes in 
different planes. 

(n, A Zafzltern wheeZ is one in which the teeth consist of 
rods connecting two circular discs or faces. It is most used 
in clock-work, geared with an ordinary spur wheel. 

(e) A crown wheel is one in which the teeth extend at right 
angles from the side or face of the wheel, and is used in 
rough gearing between perpendicular shafts. 

cf) A cog w/leeL is any kind of gear wheel in which the 
teeth are ‘made separate (generally of wood), and inserted 
in inortises in the rim of the wheel. . 
VOL. CXXXVII. ‘9 
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An internalgear or annular wheel is one in which the teeth 
are on the insi& instead of on the outside of the rim. 

In a pair of gear wheels, the wheel which imparts the 
power is called the driver; that to which power is imparted 
is called the driven wheel or follower. A small gear wheel is 
called a pinion. A rack is a straight bar with teeth extend- 
ing outward perpendicularly from its edge. It moves, 

FIG. 4. 

therefore, in a straight line (a circle of infinite radius), and 
is usually geared with a spur wheel. (See Fig. 5 or 6.) 

TEETH OF GEAR WHEELS. 

The circle in gear wheels which corresponds to the 
circumference of solids of revolution rolling one upon an- 
other is called the pitck circle. This is the line of reference 
in designing all toothed gears, its diameter being used to 
designate the size of the wheel, and the proportions for the 
teeth and spaces being laid off upon or at right angles to it. 
Good proportions for the tee&h of cast-z’roiz gears are as fol- 
lows (Figs. 5 and 6) : 

a b = part of the pitch circle. 
c e = circular pitch = p. 
L’ d = thickness of tooth = #p or 0’47 p. 
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de =widthofspace=Qiporo*53p. 
f = height of face (above pitch circle) = ++ p or 0.34 p. 
g = depth of flank (below pitch circle) = !&p or 0.41 p. 
g + f = total height of tooth = d_ p or 0.75 p. 
g - f = clearance = &p or 0.07 p. 
Thickness of rim = 0.50~. 
Perpendicular breadth of face = 2.50 p. 
Other proportions as in belt pulleys. 
In dimensioning bevel gears the sizes should always refer 

to the larger face. 

CIRCULAR AND DIAMETRAL PITCH. 

These different proportions of the tooth are all expressed 
above in terms of the absolute or Circular Pitch, which is the 
&stance on the pit& line betweeT corresponding points oj consecutive 
teeth. This absolute pitch is technically called circuZar pitch to 
distinguish it from the relative or Dialnetral Pitch by which 
the number of teeth is expressed in terms of the pitch diam- 
eter: as, e. g., a diametral pitch of “r$ inch” or “ IO per 
inch,” or simply “ IO pitch” means that for each inch in the 
diameter of the pitch circle there are ten teeth on the cir- 
cumference of the wheel. The great convenience of this 
system lies in the fact that the number of teeth can be 
found at once if the diameter is given-or the diameter 
can be found if the number of teeth is given-from the 
equation, 

No. of teeth = Diametralpitch j( diameter, 

the diametral pitch being taken as expressed in the last 
two forms above. 

The circular pitch may be found as the circumference of 
a circle is found from its diameter, i. e., by multiplying the 
diametral pitch in inches by 3’1416. 

, 

TOOTH CURVES. 

The curves used in shaping the teeth of gear wheels are 
the cycloid, epicycloid and hypocycloid, and the invoZute. 

A Cyclozd is the curve generated by a point in the circum- 
ference of a circle rolling along a straight line. It is used 
for the faces and flanks of teeth in a rack. 
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An Epicycloid is the curve generated by a point in the 
circumference of a circle rolling on the outsia’e of another 
circle. It is used for the faces of teeth in a wheel. 

An Hypocycloid is the curve generated by a point in the 
circumference of a circle rolling on the inside of another 
circle. It is used for the flanks of teeth in a wheel. 

To form the curves for cycloidal teeth the circumference 
of the describing circle to roll on the pitch line should be 
equal to 6 p ; or its diameter should equal 

6P __- = 1’9P. 
3.1416 

When the circumference of the pitch circle = 12 p., viz : 
in a wheel with 12 teeth, the hypocycloids for the flanks of 
the teeth will become straight, radial lines. 

An /~volute is the curve generated by a point in a straight 
line moving tangentially around a circle, e. g., the end of a 
cord held taut and wound around a cylinder. It is used 
with a radial line-in forming the profiles of teeth in a 
wheel. 

PROPORTIONING GEAR TRAINS. 

A traiz of gearing consists of two or more gear wheels 
meshing together, usually to change the speed at which 
power is transmitted from one shaft to another. The speed 
(number of revolutions per minute) of the wheels varies 
inversely as their pitch diameters, their circumferences, or 
their numbers of teeth-the latter being necessarily of the 
same pitch in both wheels. These values can be calculated 
from one another by substitution in the proper members of 
the following equation : 

Speed of Driver (d) Pitch Diam. of f ___~~~~ ~~ ~_~~ = 
Speed of Follower (f).= Pitch Diam. of d 

Circum. of f E~__Z 
Circum. of O! 

p--X noof-~teeth in f 
p, no. of teeth in a’ 

The &starlce be,?wepn shaft crrttres equals half the sum of 
the two pitch diameters. 

The number of cycloidal teeth in the pinion or smaller 
wheel should not be less than twelve, and with involute 
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teeth it should not be less than sixteen. Circular pitch for 
cast gears should be limited between one-half and five 
inches. 

In a wheel of good cast iron, where the breadth of face 
equals 2’5 p, the number of teeth (1) necessary to safely 
transmit any horse-power (P) at a given number of revolu- 
tions per minute (Y) may be found from the equation 

ODONTOGRAPH TABLES FOR CAST GEARS. 
TO DRAW C-\‘CLOIDAI. TEETH. 

Table Z.--Find the given num6er of teeth for the wheel 
in either outside column, and opposite, in the column headed 

FIG. 5-Cycloidal teeth. 

by the given circular pitch, find the diameter of the pitch 
circle. Lay this off on a centre line, and through its 
extremities, from the centre point draw the pitch circle. 
Divide it into as many equal spaces as there are to be teeth 
in the wheel, and the length of each arc should exactly 
equal the given circular pitch. (The length of the chord is 
of course less). At the bottom of the same column in the 
table, find the tfzick?zess of the tooth, and lay it off around the 
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pitch circle on the same side of each pitch point. The part 
<of the pitch remaining will be the proper width of space. 
In the same column of the table find the L+$t of face and 
u’ept/t of junk, and lay them off on the centre line, the former 
outside and the latter inside of the pitch circle. Through 
these two points, from the wheel centre, draw circles which 
will determine the points and roots of all the teeth. Then in 

TabZe z,--find the given number of t&/z in either out- 
side column, and opposite, under the proper pitch, in the col- 
umn headed Fa. find the radius of the circle for centres of face 
curves, and in the column FL the radius of the circle for 
centres of junk curves. With these radii draw those circles 
from the wheel centre. (Th ere is no FZ. radius for twelve 
teeth, as the flanks are straight, radial lines.) Then in 

Table 3,-opposite the proper number of Teeth, and under 
the proper PzM in the column headed AZ. find the radius 
for face curves. Set the compasses to this distance, place 
one foot at the side of a tooth on the pitch circle and the 
other across that tooth on the inner circle of centres, which 
will give the centre for that face curve. With this centre 
and the same radius draw the curve from the pitch circle to 
the circle that determines the tooth points. Draw all the 
other face curves in the same way. Then in the column 
headed H. find the radius for junk curves. Set the com- 
passes to this distance, place one foot at the side of a tooth 
on the pitch circle, and the other away from (not across) 
that tooth on the outer circle of centres, which will give 
the centre for that flank curve. With this centre and the 
same radius draw the curve from the pitch ciryle to the 
root circle, and then draw all the other flank curves in the 
same way. Fillet the corners to a radius equal to the clear- 
axe obtained from Table I. 

In drawing a rack, the pitch line, the limiting lines for 
the teeth, and the lines of ccntres are all straight; the 
height of face and the PLUS distance for the line of flank 
centres are measured outward from the pitch line, and the 
depth of flank and the ~~inus distance for the line of face 
centres are measured inward from it. The centres are then 
laid off, and the curves drawn as in a wheel. 
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TO DRAW INVOLUTE TEETH. 
1 

Draw the pitch circle ; lay off on it the widths of teeth 
and spaces, and draw the limiting circles for points and 
roots as described for cycloidal teeth in first paragraph 
above. Then in 

Table g,-find the given num.ber of teeth in either outside 
column, and opposite, under the proper Pitch, in the column 
headed CeE., find the radius for the circle of centres, and 

FIG. 6--Involute teeth. 

then draw that circle concentric with the pitch circle. In 
the column headed Cur. find the radius for the tooth curves. 
Set the compasses to this distance, place one foot at the 
side of a tooth on the pitch circle and the other across that 
tooth on the circle of centres, which will give the centre for 
that face curve. With this centre and the same radius draw 
the curve from the circle of centres to the limiting circle for 
tooth points. Draw all the other tooth curves in the same 
way, and finish the flanks by straight, radial lines with the 
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corners filleted to a radius equal to the clearance obtained 
from TabZe r. 

In the rack to gear with involute teeth the sides of its 
teeth are straight lines drawn at 75” to the pitch line as 
described under involute teeth. See Case I, below. 

The values in the tables are obtained by the methods of 
using circular arcs for cycloidal and involute tooth-profiles, 
as described below. These are modifications by the writer 
of the constructions of Willis and Reuleaux, and will be 
found to approximate very closely indeed to the true curves. 

TO DRAW CYCLOIDAL TEETH APPROXIMATELY BY CIRCULAR 

ARCS. 

Cm? I : The Rack.-Draw the pitch line and mark on 
it the pitch points--the widths of teeth and spaces alter- 
nately. Draw limiting lines for the total height of the teeth, 
parallel to the pitch line. Through the middle point of a 
pitch, draw a line crossing the nearest tooth ozllsi& of the 
pitch line and inclined 15” to it, and mark off on that line ‘5 p 
on each side of the intersection. Those points will be the 
centres for the face and the flank curves, the radius being 
the distance from each centre to the pitch point beyond 
the intersection. Through these two centres draw lines 
parallel to the pitch line. The outer line will be t/ze line of 
cenfres BY j?anks and the inner one the Zz’ne of centres for 
faces. With centres on these lines, and the respective 
radii found above, draw all tooth curves. 

Case /I: The Wheel.-Draw the pitch circle and mark 
on it the pitch points. Draw limiting lines for the total 
height of the teeth, concentric with the pitch circle. 
Through the mz’ddlE point of a pitch draw a radius and also 
a line inclined 75” to it, crossing the nearest tooth ouz’sia’e 
the pitch line and a line perpendicular to this or inclined 
I 5” to the radius. Mark points on the last line 1’84 p 

(approximately I& p) on both sides of the intersection, 
and through those points and the wheel centre draw 
straight lines until they cross the 75” line. The points 
thus found on the 75O line will be the centres, and the dis- 
tances from them to the pitch points beyond the intersec- 
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tion point will be the radii, for face and flank curves. 
Through these two centres and concentric with the pitch 
circle draw circles of centres for face and for yank curves; and 
with centres on these, and the respective radii found above, 
draw all tooth curves, and fillet the root corners to a radius 
of ‘07 p, the clearance. 

TO I’RAW INVOLUTE TEETH APPROXIMATELY BY CIRCULAR 

ARCS. 

Cast I : The Rack.-Draw the pitch line and mark on it 
the pitch points. Draw limiting lines for the total height 
of the teeth, parallel to the pitch line. Through the pitch 
points draw straight &es for the sides of the teeth at 75” 
to the pitch line. 

Case II: The Wheel.-Draw the pitch circle and mark 
on it the pitch points. Concentric with it, draw limiting 
lines for the total height of the teeth, and a circle of centres 
whose radius is ++ or ‘97 of the pitch radius. With centres 
on this circle and a radius equal to ‘25 of the pitch radius, 
draw the face curves through the pitch points outward from 
the circle of centres, and finish.the flanks by straight, radial 
lines, filleting the root corners to a radius of ‘07 p. 


